Kinesiology and Nutrition Sciences Faculty
Publications

Kinesiology and Nutrition Sciences

8-19-2009

Effect of Eicosapentaenoic and Docosahexaenoic Acid on Resting
and Exercise Induced Inflammatory and Oxidative Stress
Biomarkers: A Randomized, Placebo Controlled, Crossover Study
Richard Bloomer
Douglas Larson
Kelsey Fisher-Wellman
Andrew Galpin
Brian Schilling
University of Nevada, Las Vegas, brian.schilling@unlv.edu
Follow this and additional works at: https://digitalscholarship.unlv.edu/kns_fac_articles
Part of the Sports Sciences Commons

Repository Citation
Bloomer, R., Larson, D., Fisher-Wellman, K., Galpin, A., Schilling, B. (2009). Effect of Eicosapentaenoic and
Docosahexaenoic Acid on Resting and Exercise Induced Inflammatory and Oxidative Stress Biomarkers: A
Randomized, Placebo Controlled, Crossover Study. Lipids in Health and Disease, 8(36), 1-12. BioMed
Central.
https://digitalscholarship.unlv.edu/kns_fac_articles/28

This Article is protected by copyright and/or related rights. It has been brought to you by Digital Scholarship@UNLV
with permission from the rights-holder(s). You are free to use this Article in any way that is permitted by the
copyright and related rights legislation that applies to your use. For other uses you need to obtain permission from
the rights-holder(s) directly, unless additional rights are indicated by a Creative Commons license in the record and/
or on the work itself.
This Article has been accepted for inclusion in Kinesiology and Nutrition Sciences Faculty Publications by an
authorized administrator of Digital Scholarship@UNLV. For more information, please contact
digitalscholarship@unlv.edu.

Lipids in Health and Disease

BioMed Central

Open Access

Research

Effect of eicosapentaenoic and docosahexaenoic acid on
resting and exercise-induced inflammatory and oxidative stress
biomarkers: a randomized, placebo controlled, cross-over study
Richard J Bloomer*, Douglas E Larson, Kelsey H Fisher-Wellman,
Andrew J Galpin and Brian K Schilling
Address: Cardiorespiratory/Metabolic Laboratory, Department of Health and Sport Sciences, The University of Memphis, Memphis, TN 38152,
USA
Email: Richard J Bloomer* - rbloomer@memphis.edu; Douglas E Larson - mmaperformancecoach@gmail.com; Kelsey H FisherWellman - khf0812@ecu.edu; Andrew J Galpin - ajgalpin@bsu.edu; Brian K Schilling - bschllng@memphis.edu
* Corresponding author

Published: 19 August 2009
Lipids in Health and Disease 2009, 8:36

doi:10.1186/1476-511X-8-36

Received: 22 July 2009
Accepted: 19 August 2009

This article is available from: http://www.lipidworld.com/content/8/1/36
© 2009 Bloomer et al; licensee BioMed Central Ltd.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Abstract
Background: The purpose of the present investigation was to determine the effects of EPA/DHA
supplementation on resting and exercise-induced inflammation and oxidative stress in exercisetrained men. Fourteen men supplemented with 2224 mg EPA+2208 mg DHA and a placebo for 6
weeks in a random order, double blind cross-over design (with an 8 week washout) prior to
performing a 60 minute treadmill climb using a weighted pack. Blood was collected pre and post
exercise and analyzed for a variety of oxidative stress and inflammatory biomarkers. Blood lactate,
muscle soreness, and creatine kinase activity were also measured.
Results: Treatment with EPA/DHA resulted in a significant increase in blood levels of both EPA
(18 ± 2 μmol·L-1 vs. 143 ± 23 μmol·L-1; p < 0.0001) and DHA (67 ± 4 μmol·L-1 vs. 157 ± 13 μmol·L1; p < 0.0001), while no differences were noted for placebo. Resting levels of CRP and TNF-α were
lower with EPA/DHA compared to placebo (p < 0.05). Resting oxidative stress markers were not
different (p > 0.05). There was a mild increase in oxidative stress in response to exercise (XO and
H2O2) (p < 0.05). No interaction effects were noted. However, a condition effect was noted for
CRP and TNF-α, with lower values with the EPA/DHA condition.
Conclusion: EPA/DHA supplementation increases blood levels of these fatty acids and results in
decreased resting levels of inflammatory biomarkers in exercise-trained men, but does not appear
necessary for exercise-induced attenuation in either inflammation or oxidative stress. This may be
due to the finding that trained men exhibit a minimal increase in both inflammation and oxidative
stress in response to moderate duration (60 minute) aerobic exercise.

Background
Oxidative stress is a condition in which the production of
reactive oxygen and nitrogen species (RONS) overwhelms
the body's available antioxidant defenses, possibly result-

ing in oxidation within susceptible tissues [1]. This has
been reported in response to both aerobic [2] and anaerobic [3] exercise, with over 300 original investigations
published over the past 30 years [2]. While a low level of
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RONS production is necessary to maintain normal physiological function [4], as well as to allow for exerciseinduced adaptations to the endogenous antioxidant
defense system [5,6], excessive production of RONS can
lead to the oxidation of lipids, proteins, and nucleic acids,
potentially altering normal cellular function [7]. For
example, acute and significant elevations in RONS may
impair muscle force production [8], while more prolonged RONS production (possibly resulting from exercise overtraining) may impede exercise recovery [9]. Due
to the association between increased RONS production
and the pathogenesis of human disease, it has been an
objective of some to regulate the oxidative stress response
to acute exercise. Although somewhat controversial (See
[10]), this is often done via the use of antioxidant nutrients.
In addition to RONS production and subsequent oxidative stress resulting from strenuous exercise, an often associated finding is acute and chronic inflammation [11-13].
In light of the relationship between RONS and inflammation, and the commonly measured biomarkers C-reactive
protein (CRP) and tumor necrosis factor-alpha (TNF-α),
inflammation is often increased in response to strenuous
exercise [12-16]. In the short term, this appears to serve as
a healing mechanism; however, chronic systemic inflammation (as with chronic systemic oxidative stress) has
been associated with disease pathology [17]. Hence,
methods of reducing systemic inflammation, such as the
performance of regular physical activity [18], weight loss
[19], and the use of dietary supplements [17] have been
considered.
One class of nutrients that appears to possess both antioxidant and anti-inflammatory effects is essential fatty
acids such as the fish oils eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA). While some reports have
noted a decrease in resting oxidative stress and inflammatory biomarkers with EPA and DHA treatment [20-22],
few studies have determined the effects of such supplementation in human subjects on exercise-induced
changes in these measures [23-25]. In the few studies that
have been conducted, results have been mixed, with issues
such as the exercise protocol, test subjects (trained and
untrained), dosage and duration of supplementation, the
timing of measurement, and selection of biomarkers
likely contributing to the discrepancies. Because so few
studies investigating the effects of EPA/DHA supplementation have included exercise-trained individuals as
research subjects, such individuals were used in the
present study. This is because such dietary supplements
are often promoted as being beneficial to these individuals for purposes of attenuating the oxidative stress and
inflammatory response to exercise. It was our objective to
determine if EPA/DHA supplementation is needed by
exercise-trained individuals for these purposes.

http://www.lipidworld.com/content/8/1/36

Therefore, it was the purpose of this study to determine
the effects of six weeks of EPA/DHA supplementation on
resting and exercise-induced oxidative stress and inflammation in exercise-trained men. It was hypothesized that
1) EPA/DHA would result in a lowering of resting inflammatory and oxidative stress biomarkers, 2) that exercise
would induce oxidative stress and inflammation following the use of both EPA/DHA and placebo, and 3) that
EPA/DHA would attenuate the exercise-induced rise in
these biomarkers, compared to placebo.

Methods
Subjects and screening
Only exercise-trained men were recruited to participate.
Subjects were required to exercise both aerobically and
anaerobically at least three days per week for a minimum
of 30 minutes per session (for each type of exercise) for
the past 12 months. In addition, subjects must have had
an aerobic power (VO2max) of at least 40 mL·kg-1·min-1.
Subjects were nonsmokers, not using anti-inflammatory
or antioxidant agents, and did not report any history of
cardiovascular or metabolic disorders.

Health history, drug and dietary supplement usage, and
physical activity questionnaires were completed by all
subjects to determine eligibility. Prior to participation,
each subject was informed of all procedures, potential
risks, and benefits associated with the study through both
verbal and written form in accordance with the approved
procedures of the University Institutional Review Board
for Human Subjects Research. Potential recruits signed an
informed consent form prior to being admitted as a subject.
Subjects' height, weight, and body composition via 7 site
skinfold test and calculation using Siri equation was
measured. Heart rate and blood pressure were recorded
following a 10 minute period of quiet rest. Subject characteristics are shown in Table 1. It should be noted that of
the 15 men included in the study, 13 were Caucasian and
two were African American. A full explanation of dietary
and physical activity data recording was provided to subjects, along with data collection forms. An overview of
study procedures was also provided.
A maximal graded exercise test (GXT) was conducted
using a treadmill while expired gases were collected via
facemask and analyzed using a SensorMedics Vmax 229™
metabolic system for determination of maximal oxygen
consumption (VO2max). The collection and analysis of
expired gases provided further descriptive characteristics
regarding participants' aerobic power (e.g., VO2max). The
test continued until volitional fatigue. Before and during
the GXT, heart rate was continuously monitored via electrocardiograph (ECG) tracings using a SensorMedics Max1™ ECG unit. Expired oxygen and respiratory exchange
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Table 1: Descriptive characteristics of 14 exercise-trained men

Variable

Value

Age (yrs)
Height (cm)
Weight (kg)
Body fat (%)
BMI (kg·m-2)
Resting HR (bpm)
Resting SBP(mmHg)
Resting DBP(mmHg)
VO2max (mL·kg-1·min-1)
Years Aerobic Exercise
Hours/wk Aerobic Exercise
Years Anaerobic Exercise
Hours/wk Anaerobic Exercise

25.5 ± 4.8
174.4 ± 6.2
73.4 ± 7.7
10.0 ± 3.6
24.1 ± 1.6
56 ± 8.7
112.1 ± 9.8
68.6 ± 7.2
47.0 ± 3.5
3.9 ± 3.6
4.4 ± 3.8
6.3 ± 3.8
5.3 ± 3.1

Data are mean ± SD.

ratio data were continuously monitored via breath-bybreath samples. Blood pressure was monitored and the
Borg scale of exertion was used to allow participants to
indicate their level of perceived work. The highest 30 second average for VO2 was recorded as subjects' VO2max. Five
subjects who underwent testing failed to reach the 40
mL·kg-1·min-1 criteria. Therefore, these individuals were
excluded from participation, leaving us with a total of 15
subjects entering randomization.

Supplementation
The study design involved a random order cross-over
assignment to EPA/DHA and placebo in a double blind
manner. A schematic of the study timeline is presented in
Figure 1. The total daily dosage of EPA (2224 mg; MorEPA
Mini; Minami Nutrition, Belgium) and DHA (2208 mg;
MorDHA Mini; Minami Nutrition, Belgium) was provided in eight gel capsules taken twice per day (morning
and evening) with meals. The placebo gel capsules (taken
in the same quantities) consisted of soybean oil and were
identical in appearance, texture, and taste to the EPA/DHA
capsules.

In both conditions, capsules were distributed to subjects
by research assistants every two weeks in unlabeled boxes
in amounts greater than needed for supplementation.
Capsule counts upon box return allowed for estimation of
compliance to intake.
Acute exercise session
Following each six week period of EPA/DHA or placebo
intake, subjects reported to the lab in the morning to perform a submaximal exercise test. Subjects were asked to
walk on a treadmill while carrying a weighted backpack
(weight equal to 25% of body mass) for 60 minutes. The
treadmill speed and grade were altered every five minutes

Figure
Study timeline
1
to investigate the effects of EPA/DHA on resting and exercise-induced inflammation and oxidative stress
Study timeline to investigate the effects of EPA/DHA on resting and exercise-induced inflammation and oxidative stress.
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104.09 ± 3.46

130.42 ± 3.79

159.67 ± 5.10

122.33 ± 4.06

140.17 ± 5.34

168.33 ± 4.93

128.25 ± 4.77

148.50 ± 5.32

168.73 ± 4.85

166.64 ± 4.23

129.73 ± 3.86

183.20 ± 3.74

107.18 ± 4.38

130.33 ± 4.79

161.42 ± 4.98

122.42 ± 4.23

144.42 ± 4.92

169.00 ± 4.98

131.91 ± 5.33

150.42 ± 5.80

170.09 ± 5.60

167.55 ± 5.23

130.82 ± 5.06

180.00 ± 3.83

9.67 ± 0.56

12.00 ± 0.44

15.15 ± 0.46

11.62 ± 0.45

14.08 ± 0.56

16.62 ± 0.49

12.69 ± 0.49

14.23 ± 0.67

16.92 ± 0.45

15.75 ± 0.54

12.42 ± 0.60

19.18 ± 0.23

9.18 ± 0.67

11.77 ± 0.50

14.69 ± 0.43

11.85 ± 0.42

13.54 ± 0.37

16.23 ± 0.43

11.38 ± 0.58

14.00 ± 0.48

16.58 ± 0.31

15.83 ± 0.55

11.67 ± 0.62

19.40 ± 0.22

1.00 ± 0.12

1.81 ± 0.15

2.12 ± 0.15

1.23 ± 0.09

1.56 ± 0.16

1.91 ± 0.22

1.17 ± 0.11

1.57 ± 0.15

2.00 ± 0.13

1.86 ± 0.13

1.39 ± 0.19

2.35 ± 0.21

0.98 ± 0.09

1.39 ± 0.14

1.98 ± 0.14

1.12 ± 0.18

1.61 ± 0.17

1.89 ± 0.15

1.15 ± 0.16

1.65 ± 0.15

2.01 ± 0.12

1.79 ± 0.11

1.16 ± 0.27

2.43 ± 0.20

0.91 ± 0.01

0.97 ± 0.02

1.02 ± 0.02

1.00 ± 0.02

0.96 ± 0.03

1.00 ± 0.02

0.93 ± 0.01

0.96 ± 0.03

0.98 ± 0.02

0.96 ± 0.02

0.91 ± 0.02

1.08 ± 0.04

0.89 ± 0.01

0.95 ± 0.01

1.02 ± 0.02

0.94 ± 0.02

0.93 ± 0.03

1.02 ± 0.03

0.99 ± 0.04

0.90 ± 0.02

1.02 ± 0.03

1.00 ± 0.04

0.95 ± 0.03

1.09 ± 0.03

(%)
Heart Rate
(bpm)
EPA/DHA
Heart Rate
(bpm)
Placebo
RPE
DHA/EPA
RPE
Placebo
VO2
(L·min-1)
EPA/DHA
VO2
(L·min-1)
Placebo
RER
EPA/DHA
RER
Placebo

Lipids in Health and Disease 2009, 8:36

Data are mean ± SEM.
No statistically significant differences noted (p > 0.05).
RPE = rating of perceived exertion; RER = respiratory exchange ratio

Page 4 of 12

Ending
Minute →

(page number not for citation purposes)

http://www.lipidworld.com/content/8/1/36

Table 2: Exercise data from 14 exercise-trained men during 60 minutes of treadmill walking
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as outlined in Table 2. We chose to use a strenuous aerobic exercise test protocol which would result in an increase
in RONS via increased oxygen consumption, in addition
to other potential pathways (e.g., prostanoid metabolism,
the autooxidation of catecholoamines, and oxidase enzymatic activity (NAD(P)H oxidase, xanthine oxidase [26]).
Rather than simply use a traditional steady state aerobic
exercise protocol which would result in a moderate
increase in oxygen consumption, we attempted to mimic
a strenuous uphill climb, in which individuals perform
intermittent exercise while carrying an excess load. The
addition of the extra load would theoretically increase the
amount of work performed, resulting in a greater increase
in oxygen consumption and subsequent RONS generation via mitochondrial electron leakage. We chose such a
protocol as many previous studies using exercise-trained
individuals involved in moderate duration aerobic exercise have noted minimal increase in oxidative stress and
inflammatory biomarkers [2]. Of course, we could have
also opted to use strenuous and intermittent eccentric
resistance exercise as our chosen stressor, as such exercise
often results in acute and chronic oxidative stress and
inflammation. However, our recent findings for this form
of exercise (eccentric multi-joint) indicate only minimal
increases in both oxidative stress and inflammatory
biomarkerswhen using resistance trained men as research
subjects [27]. Therefore, based on these findings of only
minimal increase in oxidative stress and inflammation
when using exercise trained subjects performing traditional aerobic or eccentric resistance exercise, we opted to
use an aerobic exercise model with an exaggerated external load in the present design. Pilot testing was found to
result in a significant physical stress, much more so than
traditional aerobic or resistance exercise.
Because our climb was similar to that performed by the
military in a typical physical march, we consulted with a
Marine Corps ROTC Captain, in addition to information
reported in the United States Army Infantry Combat
School handbook http://www.globalsecurity.org. This
allowed for determination of the test duration and pack
load. The specific speed and grade of each stage of testing
was determined through the same consultation, in addition to pilot testing. Breath samples were collected from
subjects during the last two minutes of each five minute
stage throughout the exercise test for analysis of expired
gases (SensorMedics Vmax 229™ metabolic system). In
addition, heart rate and perceived exertion (620 Borg
scale) were recorded. Subjects completed the identical
exercise test following each six week period of EPA/DHA
or placebo intake. Although subjects performed the test in
the morning following an eight hour overnight fast, they
were allowed to drink water ad libitum before, during,
and following the exercise test. Water intake was matched
for both exercise test days.

http://www.lipidworld.com/content/8/1/36

Blood sampling
Venous blood samples (~20 mL) were taken from subjects' forearm via needle and Vacutainer™. Blood samples
were collected pre and post intervention for both EPA/
DHA and placebo conditions, and analyzed for plasma
EPA and DHA concentrations using Gas Chromatography-Flame Ionisation Detection (GC-FID). In relation to
the exercise test, blood samples were collected pre exercise
(following a 10 minute quiet rest), 0 hours post-exercise,
0.5 hours post-exercise, and 24 and 48 hours post-exercise. Following collection, blood samples were processed
accordingly, and the plasma/serum was immediately
stored at -80°C until analyzed. As markers of inflammation, CRP was analyzed in serum using an ultra-sensitive
enzyme linked immunosorbent assay (ELISA) procedure
as described by the manufacturer (Diagnostic Systems
Laboratories, Webster, TX) and TNF-α was analyzed in
plasma using an ELISA procedure as described by the
manufacturer (Caymen Chemical, Ann Arbor, MI). Antioxidant capacity was analyzed in serum using the Troloxequivalent antioxidant capacity (TEAC) assay using procedures outlined by the reagent provider (Sigma Chemical,
St. Louis, MO). As markers of oxidative stress, we selected
a wide array of commonly studied variables in order to
best characterize the system. Protein carbonyls were analyzed in plasma using an ELISA procedure as described by
the manufacturer (Zenith Technologies, Dunedin, NZ).
Serum titers of IgG-autoantibodies against oxidized low
density lipoprotein (LDL) were analyzed using an ELISA
procedure as described by the manufacturer (OLAB, Biomedica). Malondialdehyde was analyzed in plasma using
a commercially available colorimetric assay (Northwest
Life Science Specialties, Vancouver, WA), using the modified method described by Jentzsch et al. [28]. Hydrogen
peroxide and xanthine oxidase activity were analyzed in
plasma using the Amplex Red reagent method as
described by the manufacturer (Molecular Probes, Invitrogen Detection Technologies, Eugene, OR). Nitric oxide
was estimated using the nitrate/nitrite assay procedure
(Caymen Chemical, Ann Arbor, MI). Whole blood lactate
(pre, 0 hours, 0.5 hours only) was analyzed using an automated unit (Accutrend; Roche Diagnostics, Mannheim,
Germany).

In order to determine any degree of muscle injury, the
common indirect markers of injury including creatine
kinase activity and muscle soreness were chosen. Creatine
kinase activity was measured spectrophotometrically
using commercially available reagents (StanBio Labs,
Boerne, TX). Muscle soreness was assessed using a 10 cm
visual analog scale where "0" represents no pain and "10"
represents intense pain [29]. Subjects reported their perceived muscle soreness following body-weight squatting
(two repetitions). This was done at all blood collection
time points.
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Dietary and physical activity records
All subjects were instructed to maintain their normal diet,
and record their food and beverage intake during the
seven day period prior to each exercise test day. Nutritional records were analyzed for total calories, protein,
carbohydrate, fat, and a variety of micronutrients (Food
Processor SQL, version 9.9, ESHA Research, Salem, OR).
Subjects were given specific instructions regarding abstinence of alcohol consumption during the 48 hours immediately preceding the test days. Subjects were instructed to
maintain their normal physical activity, with the exception of refraining from activity during the 48 hours preceding and following each test day.
Statistical analysis
For the main analysis, all dependent variables were analyzed using a 2 (group) × 5 (time) repeated measures analysis of variance (ANOVA). Blood EPA and DHA data were
analyzed using a 2 (group) × 2 (time) ANOVA. Significant
interactions and main effects were further analyzed using
Tukey's post hoc tests. Dietary and physical activity data
were analyzed using a t-test. All analyses were performed
using JMP statistical software (version 4.0.3, SAS Institute,
Cary, NC). Statistical significance was set at p = 0.05. The
data are presented as mean ± SEM, except for subject
descriptive characteristics (mean ± SD).

Results
Of the 15 subjects who were enrolled in the study, one
was dropped due to failure to complete the second exercise test (due to injury unrelated to the study). Therefore,
only 14 subjects' data are included in the analyses. Regarding compliance to capsule intake, subjects were 91% compliant to EPA/DHA capsules and 97% compliant to
placebo capsules, with no statistical difference noted (p =
0.276). No difference was noted between conditions in
subjects' dietary intake for total kilocalories, total grams of
protein, percentage protein, total carbohydrate, percentage carbohydrate, total fat, percentage fat, vitamin C
Table 3: Dietary data of 14 exercise-trained men during the 7
days preceding exercise testing

Variable

EPA/DHA

Placebo

Kcal
Protein (g)
% Protein
CHO (g)
% CHO
Fat (g)
% Fat
Vitamin C (mg)
Vitamin E (mg)
Vitamin A (RE)

2603 ± 209
123 ± 9
20 ± 2
348 ± 33
53 ± 2
84 ± 9
29 ± 1
100 ± 24
13 ± 4
4448 ± 566

2692 ± 217
130 ± 11
20 ± 3
355 ± 38
53 ± 3
84 ± 11
28 ± 2
144 ± 29
8±3
5113 ± 586

Data are mean ± SEM.
No statistically significant differences noted (p > 0.05).

intake, vitamin E intake, or vitamin A intake (p > 0.05).
Data are presented in Table 3.
Exercise test data
No difference was noted between conditions for heart
rate, perceived exertion, VO2, or respiratory exchange ratio
(p > 0.05). Data are presented in Table 2. Blood lactate
was increased at 0 and 0.5 hours post exercise compared
to pre exercise (p < 0.05), but not different (p > 0.05)
between EPA/DHA (pre: 1.78 ± 0.31; 0 post: 6.33 ± 0.43;
30 post: 2.86 ± 0.33 mmol·L-1) and placebo (pre: 1.86 ±
0.33; 0 post: 6.20 ± 0.46; 30 post: 2.76 ± 0.32 mmol·L-1).
Inflammatory and oxidative stress data
Treatment with EPA/DHA resulted in a significant
increase in blood levels of both EPA (18 ± 2 μmol·L-1 vs.
143 ± 23 μmol·L-1; p < 0.0001) and DHA (67 ± 4 μmol·L1 vs. 157 ± 13 μmol·L-1; p < 0.0001). No differences were
noted for placebo in EPA (34 ± 9 μmol·L-1 vs. 28 ± 5
μmol·L-1; p > 0.05) and DHA (98 ± 12 μmol·L-1 vs. 86 ±
7 μmol·L-1; p > 0.05).

Resting levels of CRP and TNF-α were lower with EPA/
DHA compared to placebo (p < 0.05). However, resting
oxidative stress markers were not different (p > 0.05).
There was an increase in oxidative stress in response to
exercise (time effect with regards to XO [p = 0.032] and
H2O2 [p = 0.0001]), with values for both of these variables
higher at 0 hours post exercise compared to pre exercise (p
< 0.05). No other time effects were noted. In addition, no
interaction effects were noted, perhaps due to the relatively minor increase noted in these variables. However, a
condition effect was noted for both CRP (p < 0.0003) and
TNF-α (p < 0.05), with lower values with the EPA/DHA
condition. No other condition effects were noted. Inflammatory and oxidative stress biomarkers measured before
and after exercise are presented in Figures 2, 3, and 4.
Muscle injury data
Creatine kinase activity was not statistically increased with
exercise (p > 0.05), and very similar for both EPA/DHA
(56 ± 8, 91 ± 13, 74 ± 11, 95 ± 14, 70 ± 16 U·L-1) and placebo (66 ± 12, 90 ± 16, 75 ± 13, 87 ± 17, 89 ± 13 U·L-1)
at pre, 0, 0.5, 24, and 48 hours post exercise, respectively.
A time main effect was noted for muscle soreness (p =
0.0003) with 0 and 0.5 hours post-exercise higher than
rest (p = 0.05). No interaction effect was noted (p > 0.05),
with near identical values for EPA/DHA (0 ± 0, 3.9 ± 0.5,
2.5 ± 0.3, 1.8 ± 0.3, 1.2 ± 0.1) and placebo (0 ± 0, 3.78 ±
0.5, 3.0 ± 0.4, 2.3 ± 0.4, 1.7 ± 0.3) at pre, 0, 0.5, 24, and
48 hours post exercise, respectively.

Discussion
Findings from the present investigation indicate that EPA/
DHA supplementation at a daily dosage of 2224 mg
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EPA+2208 mg DHA for 6 weeks 1) significantly increases
blood levels of these fatty acids, 2) results in decreased
resting levels of inflammatory biomarkers, but 3) does not
appear necessary for attenuation of exercise-induced oxidative stress or inflammation in a sample of exercisetrained men. This latter finding may be due to the observation that trained men exhibit a minimal increase in
both inflammation and oxidative stress in response to a
moderate duration, aerobic exercise.
We chose to use an aerobic exercise protocol of moderate
duration in order to mimic a type and duration of exercise
commonly performed by many individuals. We included
an exaggerated external load component in our protocol
(use of a weighted backpack) in order to increase the metabolic demands of the exercise, which theoretically would
have increased RONS production and subsequent oxidative stress. Previous studies using exercise-trained subjects
performing moderate duration aerobic or anaerobic exercise bouts have largely resulted in minimal increase in oxidative stress [2], likely due to the upregulation in
endogenous antioxidant protective mechanisms within
such individuals [30]. With this knowledge, we did not
want to use such an exercise protocol, with the probability
of observing an oxidative stress response being minimal.
Hence, we decided to include a moderate duration aerobic exercise bout with the additional load, in order to
increase the metabolic demands. To our knowledge, no
study to date has used such a protocol in an attempt to
elicit an oxidative stress response. Our findings of a lack of
such response within our sample of exercise-trained men
provide additional evidence that individuals who engage
in regular, strenuous exercise experience minimal oxidative stress in response to moderate duration aerobic exercise bouts, even when such bouts are strenuous in nature
(as evidenced by our blood lactate, heart rate, and perceived exertion dataTable 2).
Due to these observations, we conclude that supplemental antioxidant/anti-inflammatory agents such as EPA/
DHA are not necessary for such individuals, as the oxidative stress and inflammatory response is minimal. There is
simply no additional need for such exogenous protection.
This does not indicate, however, that use of EPA/DHA
may not prove beneficial for either untrained individuals
who are beginning an exercise program (whether for recreation or therapeutic reasons), or for individuals engaged
in longer duration exercise involving extensive muscle
injury. Such situations may lead to increased RONS formation, inflammation, and muscle injury. Under these
conditions, supplemental EPA/DHA may prove beneficialbased on our findings of decreased CRP and TNF-α. Of
course, further research is necessary to verify this hypothesis.

http://www.lipidworld.com/content/8/1/36

Oxidative stress has been reported to be elevated in
response to acute exercise in several investigations,
although this is not always the case [2]. The findings for
increased oxidative stress are relatively uniform when
untrained subjects are used within the research design. Of
course, the downside to such work is that the results cannot be generalized to a population of exercise-trained subjects. Considering that dietary supplements for purposes
of muscle recovery following exercise are typically marketed to individuals engaged in regular exercise, studies
including untrained individuals may provide little information as it relates to the target population. For this reason, trained subjects were selected for this experiment.
In contrast to the findings for increased oxidative stress in
response to exercise in untrained subjects, several studies
using exercise-trained individuals have reported minimal
increase in exercise-induced oxidative stress, when exercise bouts are of moderate duration (= 60 minutes) and
intensity (= 70% VO2max) [2]. More consistent findings of
elevated oxidative stress in exercise-trained subjects are
available for long duration exercise bouts, often involving
marathon or triathlon competition [2]. It is possible that
antioxidant/anti-inflammatory supplements may be beneficial for such individuals during these times, as some
studies have reported attenuation in exercise-induced oxidative stress/inflammation with use of such agents
[15,25,31-35]. Considering that excessive oxidative stress
[7] and inflammation [17] has been linked to the development and progression of several chronic diseases, use of
agents in an attempt to minimize (but not eliminate)
increases in both oxidative stress and inflammation may
be reasonable. This is especially true for individuals who
are routinely involved in excessive strenuous exercise, as
such an activity pattern has been associated with ill-health
and premature death [36]. However, specific data addressing this issue are certainly needed.
Considering the above, coupled with the findings of the
present study, it is possible that our chosen exercise protocol was of too low an intensity and duration to promote a
significant oxidative stress, in particular within our sample of exercise-trained men. The production of RONS has
been reported to increase in an intensity [37,38] and duration dependent manner [39]. Therefore, we may have
observed a greater magnitude of increase in our chosen
biomarkers if the exercise bout was extended in duration
and was more intense. That being said, it should be understood that increasing either of these variables would have
made it extremely difficult for subjects to complete the
protocol. Most were visibly exhausted at the conclusion of
testing, and commented on the extreme difficulty of the
protocol. We believe that our findings confirm previous
reports which indicate that even with strenuous exercise of
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moderate duration; individuals who are exercise-trained
experience minimal increase in exercise-induced oxidative
stress and inflammation. This lack of response is likely
one of the additional and often overlooked benefits of
regular exercise training; that is, an upregulation in endogenous antioxidant defense mechanisms [6,30,40]. These
findings have applicability to most individuals who
include exercise as a component of their daily routine.
Specifically, only a small percentage of exercise enthusiasts typically train for longer than one hour per session.
Our findings have specificity towards such individuals,
even when the exercise training is rather challenging.
Given that the chosen protocol was concentric in nature,
the amount of muscle damage (and subsequent related
RONS production) would be expected to be minimal.
This was confirmed by our findings of insignificant
increases in muscle soreness and creatine kinase activity in
blood. Our results may have been different if using either
an aerobic exercise bout involving an eccentric bias (e.g.,
downgrade running) or a heavy resistance exercise protocol involving a great degree of eccentric muscle actions.
However, as mentioned earlier, our recent findings using
trained men performing eccentric multi-joint resistance
exercise indicate only a minimal increase in both oxidative stress and inflammatory biomarkers [27]. Therefore,
we opted to use an aerobic exercise model with an exaggerated external load in an attempt to stimulate a further
increase in RONS via increased mitochondrial electron
leakage.
As with oxidative stress, prior research has shown that the
exercise-induced inflammatory response is intensity [11]
and duration [41] dependent. In the same way that our
protocol may have been of too low an intensity and duration to significantly increase oxidative stress biomarkers,
this may have also been true for CRP and TNF-α. This is
underscored by the finding of Mastaloudis et al. [14], who
reported elevated CRP, TNF-α, and interleukin-6 (IL-6) in
athletes performing a 50 km ultra-marathon. TNF-α and
IL-6 were elevated significantly as early as mid-race, while
CRP reached significance in the hours following the race,
peaking at 24 hours, and remaining 2 fold higher than
baseline at the 6th day of recovery. These findings are in
contrast to those of the present study in which CRP and
TNF-α were not altered in a statistically significant manner, even through 48 hours into recovery.

http://www.lipidworld.com/content/8/1/36

mal increase in oxidative stress and inflammation in
response to a moderate duration, aerobic exercise. Hence,
EPA/DHA supplementation should not be specifically recommended for this purpose. Future studies investigating
the effect of antioxidant/anti-inflammatory agents within
a sample of exercise-trained subjects should consider
using a protocol of longer duration, and possibly higher
intensity, in order to produce a more robust oxidative
stress response. This may allow for a better assessment of
the effectiveness of such nutrient intervention. As our data
show, EPA/DHA intake at the dosage and duration provided in the present study may serve to combat systemic
inflammation in a sample of exercise-trained men. These
findings may have implications for those who train intensively, as well as other individuals who are prone to
inflammatory conditions, as use of EPA/DHA may prove
beneficial as a non-pharmaceutical anti-inflammatory
agent.

Competing interests
Financial support for this work was provided in part by
Minami Nutrition. The authors or the University of Memphis do not have any direct or indirect interest in EPA/
DHA or Minami Nutrition.

Authors' contributions
RJB was responsible for the study design, biochemical
work, statistical analyses, and manuscript preparation;
DL, AG, and KFW were responsible for data collection,
blood collection and processing; BKS was responsible for
the study design and manuscript preparation. All authors
read and approved of the final manuscript.

Acknowledgements
Funding for this work was provided in part by Minami Nutrition and the
University of Memphis.

References
1.
2.
3.
4.
5.
6.
7.

Conclusion
Supplementation with EPA/DHA increases blood levels of
these fatty acids and is associated with a decrease in resting CRP and TNF-α. However, EPA/DHA supplementation does not appear necessary for attenuation of exerciseinduced oxidative stress or inflammation in a sample of
exercise-trained men. Such individuals experience a mini-

8.
9.
10.

Halliwell B: Oxygen radicals: a commonsense look at their
nature and medical importance. Med Biol 1984, 62(2):71-77.
Fisher-Wellman K, Bloomer RJ: Acute exercise and oxidative
stress: a 30 year history. Dyn Med 2009, 8(1):1.
Bloomer RJ, Goldfarb AH: Anaerobic exercise and oxidative
stress: a review. Can J Appl Physiol 2004, 29(3):245-263.
Droge W: Free radicals in the physiological control of cell
function. Physiol Rev 2002, 82(1):47-95.
Radak Z, Chung HY, Koltai E, Taylor AW, Goto S: Exercise, oxidative stress and hormesis. Ageing Res Rev 2008, 7(1):34-42.
Ji LL, Gomez-Cabrera MC, Vina J: Exercise and hormesis: activation of cellular antioxidant signaling pathway. Ann N Y Acad Sci
2006, 1067:425-435.
Dalle-Donne I, Rossi R, Colombo R, Giustarini D, Milzani A: Biomarkers of oxidative damage in human disease. Clin Chem 2006,
52(4):601-623.
Powers SK, Jackson MJ: Exercise-induced oxidative stress: cellular mechanisms and impact on muscle force production.
Physiol Rev 2008, 88(4):1243-1276.
Palazzetti S, Richard MJ, Favier A, Margaritis I: Overloaded training
increases exercise-induced oxidative stress and damage. Can
J Appl Physiol 2003, 28(4):588-604.
Gomez-Cabrera MC, Domenech E, Romagnoli M, Arduini A, Borras
C, Pallardo FV, Sastre J, Vina J: Oral administration of vitamin C

Page 11 of 12
(page number not for citation purposes)

Lipids in Health and Disease 2009, 8:36

11.
12.
13.

14.

15.
16.

17.

18.
19.
20.
21.

22.
23.

24.

25.

26.
27.
28.
29.
30.
31.

32.

decreases muscle mitochondrial biogenesis and hampers
training-induced adaptations in endurance performance. Am
J Clin Nutr 2008, 87(1):142-149.
Quindry JC, Stone WL, King J, Broeder CE: The effects of acute
exercise on neutrophils and plasma oxidative stress. Med Sci
Sports Exerc 2003, 35(7):1139-1145.
Kasapis C, Thompson PD: The effects of physical activity on
serum C-reactive protein and inflammatory markers: a systematic review. J Am Coll Cardiol 2005, 45(10):1563-1569.
Nieman DC, Henson DA, McAnulty SR, McAnulty L, Swick NS, Utter
AC, Vinci DM, Opiela SJ, Morrow JD: Influence of vitamin C supplementation on oxidative and immune changes after an
ultramarathon. J Appl Physiol 2002, 92(5):1970-1977.
Mastaloudis A, Morrow JD, Hopkins DW, Devaraj S, Traber MG:
Antioxidant supplementation prevents exercise-induced
lipid peroxidation, but not inflammation, in ultramarathon
runners. Free Radic Biol Med 2004, 36(10):1329-1341.
Davison G, Gleeson M, Phillips S: Antioxidant supplementation
and immunoendocrine responses to prolonged exercise.
Med Sci Sports Exerc 2007, 39(4):645-652.
Nieman DC, Henson DA, Butterworth DE, Warren BJ, Davis JM,
Fagoaga OR, Nehlsen-Cannarella SL: Vitamin C supplementation
does not alter the immune response to 2.5 hours of running.
Int J Sport Nutr 1997, 7(3):173-184.
Chung HY, Cesari M, Anton S, Marzetti E, Giovannini S, Seo AY,
Carter C, Yu BP, Leeuwenburgh C: Molecular inflammation:
Underpinnings of aging and age-related diseases. Ageing Res
Rev 2009, 8(1):18-30.
Petersen AM, Pedersen BK: The anti-inflammatory effect of
exercise. J Appl Physiol 2005, 98(4):1154-1162.
Puglisi MJ, Fernandez ML: Modulation of C-reactive protein,
tumor necrosis factor-alpha, and adiponectin by diet, exercise, and weight loss. J Nutr 2008, 138(12):2293-2296.
Mori TA, Beilin LJ: Omega-3 fatty acids and inflammation. Curr
Atheroscler Rep 2004, 6(6):461-467.
Mori TA, Woodman RJ, Burke V, Puddey IB, Croft KD, Beilin LJ:
Effect of eicosapentaenoic acid and docosahexaenoic acid on
oxidative stress and inflammatory markers in treated-hypertensive type 2 diabetic subjects. Free Radic Biol Med 2003,
35(7):772-781.
Mori TA, Beilin LJ: Long-chain omega 3 fatty acids, blood lipids
and cardiovascular risk reduction. Curr Opin Lipidol 2001,
12(1):11-17.
Oostenbrug GS, Mensink RP, Hardeman MR, De Vries T, Brouns F,
Hornstra G: Exercise performance, red blood cell deformability, and lipid peroxidation: effects of fish oil and vitamin E. J
Appl Physiol 1997, 83(3):746-752.
Lenn J, Uhl T, Mattacola C, Boissonneault G, Yates J, Ibrahim W,
Bruckner G: The effects of fish oil and isoflavones on delayed
onset muscle soreness.
Med Sci Sports Exerc 2002,
34(10):1605-1613.
Phillips T, Childs AC, Dreon DM, Phinney S, Leeuwenburgh C: A dietary supplement attenuates IL-6 and CRP after eccentric
exercise in untrained males. Med Sci Sports Exerc 2003,
35(12):2032-2037.
Jackson MJ: Exercise and oxygen radical production by muscle.
In Handbook of oxidants and antioxidants in exercise Edited by: Sen CK,
Packer L, Hanninen O. Amsterdam: Elsevier Science; 2000:57-68.
Bloomer RJ, Falvo MJ, Schilling BK, Smith WA: Prior exercise and
antioxidant supplementation: effect on oxidative stress and
muscle injury. J Int Soc Sports Nutr 2007, 4(1):9.
Jentzsch AM, Bachmann H, Furst P, Biesalski HK: Improved analysis
of malondialdehyde in human body fluids. Free Radic Biol Med
1996, 20(2):251-256.
Clarkson PM, Hubal MJ: Exercise-induced muscle damage in
humans. Am J Phys Med Rehabil 2002, 81(11 Suppl):S52-69.
Gomez-Cabrera MC, Domenech E, Vina J: Moderate exercise is an
antioxidant: upregulation of antioxidant genes by training.
Free Radic Biol Med 2008, 44(2):126-131.
Luden ND, Saunders MJ, Todd MK: Postexercise carbohydrateprotein- antioxidant ingestion decreases plasma creatine
kinase and muscle soreness. Int J Sport Nutr Exerc Metab 2007,
17(1):109-123.
Kanter MM, Nolte LA, Holloszy JO: Effects of an antioxidant vitamin mixture on lipid peroxidation at rest and postexercise.
J Appl Physiol 1993, 74(2):965-969.

http://www.lipidworld.com/content/8/1/36

33.
34.

35.

36.
37.
38.
39.

40.

41.

Goldfarb AH, McKenzie MJ, Bloomer RJ: Gender comparisons of
exercise-induced oxidative stress: influence of antioxidant
supplementation. Appl Physiol Nutr Metab 2007, 32(6):1124-1131.
Bryant RJ, Ryder J, Martino P, Kim J, Craig BW: Effects of vitamin
E and C supplementation either alone or in combination on
exercise-induced lipid peroxidation in trained cyclists. J
Strength Cond Res 2003, 17(4):792-800.
Vincent HK, Bourguignon CM, Vincent KR, Weltman AL, Bryant M,
Taylor AG: Antioxidant supplementation lowers exerciseinduced oxidative stress in young overweight adults. Obesity
(Silver Spring) 2006, 14(12):2224-2235.
Knez WL, Coombes JS, Jenkins DG: Ultra-endurance exercise
and oxidative damage: implications for cardiovascular
health. Sports Med 2006, 36(5):429-441.
Leaf DA, Kleinman MT, Hamilton M, Barstow TJ: The effect of
exercise intensity on lipid peroxidation. Med Sci Sports Exerc
1997, 29(8):1036-1039.
Lovlin R, Cottle W, Pyke I, Kavanagh M, Belcastro AN: Are indices
of free radical damage related to exercise intensity. Eur J Appl
Physiol Occup Physiol 1987, 56(3):313-316.
Bloomer RJ, Davis PG, Consitt LA, Wideman L: Plasma protein
carbonyl response to increasing exercise duration in aerobically trained men and women. Int J Sports Med 2007,
28(1):21-25.
Elosua R, Molina L, Fito M, Arquer A, Sanchez-Quesada JL, Covas MI,
Ordonez-Llanos J, Marrugat J: Response of oxidative stress
biomarkers to a 16-week aerobic physical activity program,
and to acute physical activity, in healthy young men and
women. Atherosclerosis 2003, 167(2):327-334.
Weight LM, Alexander D, Jacobs P: Strenuous exercise: analogous to the acute-phase response? Clin Sci (Lond) 1991,
81(5):677-683.

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 12 of 12
(page number not for citation purposes)

